Introduction
Wetlands are the ecotonal or transitional zones between terrestrial and aquatic ecosystems where the water table is usually at or near the surface of the land, which is covered by the shallow water (Mitsch & Gosselink, 1986) . Due to these characteristics, wetlands provide opportunities for adaptations to different plant and animal species with high diversity of life-forms. Thus wetlands are among the most biologically diverse and productive ecosystems on earth. Wetlands can further be classified by one or more of the following attributes: (a) at least periodically, the land supports hydrophytes, (b) the substrate is predominantly undrained hydric soil, and (c) the substrate is saturated with water or covered by shallow water at some time during the growing season each year.
As per the convention on Wetlands of International importance (RAMSAR) (1971) -Article 1.1: wetlands are "Areas of marsh, fen, and peat land or water whether natural or artificial, permanent or temporary with water, that is static or flowing, fresh, brackish or salt including areas of marine water the depth of which does not exceed 6 meters." Also according to Article 2.1: "[Wetlands] may incorporate riparian and coastal zones adjacent to the wetlands, and islands or bodies of marine water deeper than six meters at low tide lying within the wetlands".
The values of the World's wetlands are increasingly receiving due attention as they contribute to a healthy environment in many ways. They help to retain water during dry periods, thus keeping the water-table high and relatively stable. During periods of flooding, they act to reduce flood levels and to trap suspended solids and nutrients directly flowing into the lakes. The removal of such wetland ecosystems because of urbanization or other factors typically causes lake water quality to worsen. In addition, wetlands are important feeding, breeding, and drinking area for wildlife and provide a stopping place and refuge for waterfowl. As with any natural habitat, wetlands are important in supporting species diversity and have a complex and important food web. The recent millennium assessment of ecosystems puts freshwater biodiversity as the most threatened of all types of biodiversity.
The interaction of man with wetlands during the last few decades has been of concern largely due to the rapid population growth, accompanied by intensified industrial, commercial and residential development. Thereby leading to pollution of wetlands by domestic, industrial sewage, and agricultural run-offs as fertilizers, insecticides and feedlot wastes. The fact that wetland values are overlooked has resulted in threat to the source of these benefits. Apart from the above the absence of reliable and updated information and data on extent of wetlands, their conservation values and socioeconomic importance has greatly hampered development of policy, legislation and administrative interventions by the state.
Fortunately in the recent years, the wetlands have received a good deal of attention. It really started with the conference held in Ramsar in Iran in 1971 where the first listing of wetlands of international importance was made and the contracting parties agreed to take necessary steps to safeguard these wetlands for posterity. India, as one of the original signatories, has made impressive efforts in initiating work for conservation and management of wetlands.
Indian scenario
India by its unique geographical position and with its annual rainfall of over 130 cm, and its varied terrain, and climate ranging from the cold arid of Ladakh to the warm arid of Rajasthan, with a cost line of over 7500 km, with its major river systems and lofty mountain ranges has, no wonder, a wealth of wetlands.
In addition to the various types of natural wetlands, a large number of man-made wetlands also contribute to the faunal and floral diversity. These man-made wetlands, which have resulted from the needs of irrigation, water supply, electricity, fisheries and flood control, are substantial in numbers. The various reservoirs, shallow ponds and numerous tanks support wetland biodiversity and add to the countries wetland wealth.
It is estimated that freshwater wetlands alone support 20 per cent of the known range of biodiversity in India (Deepa & Ramachandra, 1999) . Wetlands in India occupy 58.2 million hectares, including area under wet paddy cultivation (Directory of Indian Wetlands).
Of about 35 Protected Areas (PAs) of India, which have been specifically notified for bird conservation, seven are in Gujarat (Grimmett et al. 1998) . The State also falls within the Indus flyway a route that extents along the Indus valley from Pakistan to northwest India. This flyway is highly used by birds migrating from their breeding grounds in the Palearctic realm (Grimmett et al. 1998) . The World Conservation Union (IUCN), International Wetland and Waterfowl Research Bureau (IWRB) and Birdlife International have rated this passage as the fourth major bird migration flyway in the world (Grimmett et al. 1998) .
Gujarat is the State where the wetlands cover 27.1 lakhs hectares, a sizable area out of the total geographical area of the State. Of the total wetland area, inland wetlands cover 7.7% and coastal wetland covers 92.3%. In coastal wetlands maximum area is under tidal flats/mud flats and the main contribution is from Great and Little Rann of Kachchh i.e. 1,930,581 ha. Analysis of the natural and man-made categories of wetlands indicate that, of the coastal wetlands, only 1.83% (mainly salt pans) is man-made, while in case of inland wetlands man-made wetlands account for 76.39% area.
Thol is one such man-made inland wetland situated in Mehsana district which is one of the top food grain producing districts in Gujarat (Anno. 1975) . This marks the presence of well developed irrigation system consisting of wells and irrigation tanks. Thol water body is irrigation tank originally constructed in 1912 by the Gayekwadi State Rulers, built to prevent erosion and flooding and to store rainwater for irrigation purpose (Vaghela, 1993) . Initially the area was declared as "Game Reserve" vides Government notification dated 29th May 1986 by Forest and Environment Department. Later on, due to its popularity amongst the bird fraternity, the area was notified as Bird Sanctuary through the notification GVN-53-88-WLP-1386-162-V.2 dated 18th November, 1988 under Section 18 of Wildlife (Protection) Act, 1972 (Anno. 2001 ).
Thol lake Wildlife Sanctuary which is now known as Thol Bird Sanctuary (TBS), as a part of conservation and management of Thol wetlands the biodiversity was studied to implement the Action Plan of Thol lake wildlife (Bird) sanctuary. This information will be comprehensive for preparing the management plan of the Sanctuary.
Study area
Thol Bird Sanctuary is situated in Mehsana district of Gujarat state, India between 23° 15' to 23° 30' N latitudes and 72° 30' to 72° 45' E longitude. It is a shallow water reservoir situated 25 km northwest of Ahmedabad and most popular birding place near Ahmedabad from Nal Sarovar Bird Sanctuary which is about 50 km away. Geographically, Thol Wildlife Sanctuary falls in the Kadi taluka of Mehsana district, North Gujarat region. Kadi taluka is head quarter of the district which is just 22 km away from the Sanctuary (Figure 1 ).
Salient features
Thol water body occupies a total area of 699 ha (6.99 sq.km.) and its periphery is 5.62 km long. Thol wetland catchment area is spread within six villages i.e. Thol, Jethlaj, Adhana, Vayana, Chandanpura, Jhaloda, which spreads 55.95 sq.km. It has well-developed canal based irrigation system. There are four head regulators at the water body to control the flow of water. The canals and their distributaries / sub-distributaries are about 19.97 km long.
The catchment area of the water body which covers 320 sq.km is located to its north and north-east so the spread is from Kadi taluka of Mehsana district and Kalol taluka of Gandhinagar district. These areas have seven small or big industrial areas they are, Karoli, Saij, Wamaj, Kalol, Chhatral, Indrad and Rajpur (Information from INDEXTb, Industrial Extension Bureau, Gandhinagar). Water finds its way through a number of canals draining into the feeder canal located on the north to northeastern sides of the water body. Water is received through Eastern canal, Saij-Hajipur canal, Irana-Indrad-Wamaj canal, Hajipur-Piyaj canal, Eastern feeder at Saghan drain, and Jaspur canal at Thol water body. In addition to the feeder canal, the water body receives run-off water directly from the catchment area. Before the feeder canal reaches the manmade wetland, there is a diversion, which is known as waste weir and is employed to control the volume of water in the water body. If the level of water reaches beyond 9 ft., the water is diverted to waste weir. Waste weir drains into a canal, which runs along the eastern boundary of the Thol pond/tank to reach Nalsarovar Bird Sanctuary located southwest of Thol Bird Sanctuary. Thol and Nalsarovar Bird Sanctuary are thus connected with each other.
There are no villages and settlements inside the sanctuary. Majority of the population is engaged in farming either as landholders or labourers. Also there are oil wells belonging to the public sector company Oil and Natural Gas Commission (ONGC) within the sanctuary area. There are total 21 number of wells among which 13 are functional. Polymer injection wells are 3 in number and Chase water wells are 5 in number. The total oil production from Thol area wells is 102 tpd.
Geology
Geologically, it is a part of the alluvial plain of recent age. The soil is clayey to sandy clay. There are no hard rock outcrops in and around the sanctuary.
Climate
Thol area experiences three distinct seasons namely winter (November to February), summer (April to May) and monsoon (June to September). Months of October and March mark the transition period from monsoon to winter and winter to summer respectively. The pond receives rainfall from July to September through the southwest monsoon. Old records for Mehsana district in general (Anno., 1975) , as well as rainfall data of previous years at TS indicate that the rainfall is highly erratic and ranging from 189 to 786 mm.
Methodology

Land use / Cover studies
The methodology employed for preparation of Land use and land cover map included: Quick reconnaissance survey of the study area to get a feel of the entire ground area which can aid in the preliminary interpretation of the data.
Interpretation of satellite data
The downloaded satellite imagery was imported to Arc GIS 9.3 software and georeferencing of the imagery was done by registering it to the SOI maps through identification of common points between the map and the image. Considering the basic elements of interpretation such as tone, size, shape, texture, pattern, location, association, shadow, aspect and resolution, along with ground truth and ancillary information collected during the preliminary reconnaissance survey the interpretation was accomplished.
Ground truth study
A detailed ground truth was carried out to check the discrepancy of the interpreted data. It comprises of data collection of ground features along with the respective geographical position in terms of latitudes and longitudes.
Final map preparation
The interpreted file was then projected with Universal Transverse Mercator, which is universally followed projection system. The proportional presence of different land uses and land cover in terms of statistical percentages was derived for the study area. Appropriate legends were used to represent the various categories of land use and land cover, and were then written on the prepared land use and land cover maps. Based on interpreted map floral and faunal sampling site was selected so that the entire area will be covered.
Vegetation cover
The phyto-sociological studies were carried out using quadrant method with in terrestrial vegetation covered region. Quadrate plots were laid in triplicate at each selected locations. Density, frequency, abundance and dominance and their relative values were calculated along with IVI values (Ambasht, 1990) . The basal area was calculated by formula using diameter at breast height (Ravindranath & Premnath, 1997) . Secondary analyses like different indices were calculated using this primary data (Odum, 1983) .
The lower side of embankment had species diversity within this area the phytosociological studies were done. The grass cover region along the sanctuary boundary and on the beyts was surveyed and the herbs growing in this region was enlisted. The enlisting of the aquatic floral species like floating, emergent and submerged species had also been done.
Avifaunal studies
Avifaunal diversity studies sampling location was decided based on the water level and distribution as seen from interpreted satellite data. Observations were done by conducting field visits at regular intervals. Field works were conducted during winter season by visiting the place thrice in a season mainly from 0600 hr to 1200 hrs in the morning. The observations were recorded using field binocular (Pentax 10x50) and identified on basis of standard field guides like Grimmett et al. 1998 , Salim Ali, 2002 . This was done for both waterfowls and surrounding terrestrial birds. The bird diversity was classified according to its Order & Family, and their migratory statuses were noted.
Correlation between bird diversity & macrophytes
The relationship of the availability of bird diversity and macrophytes growing in the area was studied using statistical correlation method. The number of bird diversity distributed between the six sampling location and the available macrophytes diversity was documented.
Results
Land use / Cover studies
Visual interpretation of satellite data categorized area into five classes, they are shallow and deep water covered area, among terrestrial area it had been classified as vegetation cover, scrub land and agriculture land (Figure 2 ). The major portion of the sanctuary geographical area is covered by scrub land i.e. 36 per cent followed by 27 per cent of agricultural land. The category wise percentage area is as given in Table 1 . Each category is specific on its own as described below.
a. Shallow water: It could be delineated based on the light tone on the satellite data. Shallow water region was having less than 1 foot, as correlated on the ground. This was on the western side of the sanctuary boundary. b. Deep water: It had dark coloured tone and smooth texture on the satellite data by which it was delineated as deep water. This was water filled region having more than 2 feet, as correlated on the ground. Its was on the western region or the corner of the sanctuary area. c. Vegetation Cover: This was only 15 per cent of the area. This category will be described in details in following section. d. Scrub: Most of the sanctuary area was covered by scrub, it is described as area coverage with less than 10 % of the canopy density (FSI, 2011) i.e. with scattered tree species and undergrowth dominated area.
e. Agriculture: This was delineated based on the square patterns as seen on the data. The major crop grown in the region was Wheat, Juwar, and Bajra with water source as canal, bore or rainfed.
Vegetation cover
According to the vegetation map prepared using the satellite image of the Thol bird sanctuary area. There are three main patches of terrestrial vegetation first towards the Bhimasan village, on the north-east region along the water inlet to the Thol water body and lower side of the embankment. The vegetation towards the Bhimasan village was of monoculture type i.e. the plantation of Acacia nilotica, done by forest department. On the north east region along the water flow there was dominance of Ipomoea fistula and Acacia nilotica (Baval) vegetation. Lower side of the embankment had comparatively more species diversity where the phyto-sociological studies where done. Apart from this there were some patches of terrestrial vegetation which was again dominated by the planted species Acacia nilotica (Baval).
Phytosociological studies in the mixed vegetation type on the southern side of the sanctuary area showed presence of few species only. The highest abundance was of the Acacia nilotica (Baval) plantlet and its tree species had the highest IVI which showed that there was good regeneration of this species ( The index calculated from the field data showed the dominance index to be greater than 0.5 indicating that one or two species contribute very highly in the community. Also from the high evenness index it could be judged that there is even distribution of the species (Table 3) . Along with this the enlisting of the species diversity within the sanctuary boundary was done, which showed the presence of 88 plant species (Annexure 1, see Appendix). It includes herbs, shrubs, grasses and hydrophytes species. There were in all 12 floating, emergent and submerged hydrophytes species.
Index
Avifaunal diversity
Bird diversity recorded from Thol during present study were 144 in number out of it 76 are waterfowl rest are terrestrial birds (Annexure 2, see Appendix). The enlisted birds within the sanctuary area had 9 no. of rare and endangered species according to the Red Data Book (Table 4) .
Within waterfowl there are members from 21 families and the family Anatidae had the most members i.e. 15, followed by Ardeidae having 11 members rest of the family have less then 10 members. This indicates that the ducks and geese are the dominating species, followed by herons, egrets and bitterns. Anatidae family members are mostly resident migratory or migratory species, only Comb duck is resident species. Resident migratory species are five i.e. Mallard, spot billed duck, bar headed goose, white eyed pochard and ruddy shelduck.
Terrestrial birds also had members from 21 numbers of families, and the Accipitridae family had highest number i.e. 10 members, followed by Cornidae having 9 members. These shows the dominating diversity within terrestrial area surrounding the water body are shikara, kite, eagle, vulture, buzzard, osprey and besra.
The statistics of residential status of species indicates that within aquatic birds diversity the highest number of species are resident-migratory i.e. 40 % while there are 33 % of resident species and 27 % of the migratory species. While within terrestrial birds species highest is of resident species having as high as 76 %, next is resident-migratory species of 21 % and just 3 % of migratory species. The habitat requirement of the waterfowl inhabiting in Thol were studied. The details are as given in the Annexure 3. The foremost requirement is that of the open water both deep and shallow waters, in terms of percentage 47 % of birds which includes all the members of the dominating family Anatidae this habitat was used. Birds inhabiting in the muddy habitats are 22 % this includes some heron & egret, plovers, godwit, greenshank and sandpiper. Thereafter 16 % of the birds require emergent vegetation habitat, followed by 7 % shoreland, 6% agriculture and fallow land and 3 % of wooded area. Among the agriculture & fallow land habitat the dominating species is Sarus crane which comes under the vulnerable status. Among this there are overlapping of the use of habitat as per the birds resting, roosting and foraging habits.
Correlation between bird diversity & macrophytes
It has been observed that there was lot of variation in the floral and faunal diversity within selected six locations (Table 5 ). The sampling locations were selected based on the difference in the availability of water and the congregation of birds found in the region and the accessibility of the region. The sampling location P6 had presence of more floral diversity and location P1 had more of bird diversity. The statistics reveals that there is more availability of shallow water habitat which in due course of time will be muddy region once water gets dried out. This study is very dynamic, thereby changes the types of birds visiting the wetlands. Also the availability water depends on the rainfall and the irrigation system. So this study needs to be conducted along with the bird census on regular basis.
Vegetation analyses
Macrophytes occurring in the area clearly indicate habitats and condition prevailing in the area of its occurrence. The habitat in the study area is mostly muddy and also it is saline, as indicated by sediment analysis (GEC, 2009).
Submerged rooted aquatic vegetation in Thol water body was of Vallisneria spiralis found near the Bhimasan village site and Hydrilla verticillata on the south eastern side near the ONGC well no. 30. The Najas graminea was found to be grown in abundant with Hydrilla verticillata and the Potamogeton sp. in the waters of Narmada Canal reaching TBS. Also on the sedges of the Narmada canal water there was growth of emergent hydrophyte Typha sp., and floating Paspalum sp. This indicates the presence of nutrients content in the Narmada canal water. While in sanctuary area waters such abundant growth of submerged hydrophytes was not seen. The bed of Thol water body was covered with the grass Cynodon dactylon (Darba) and the free-floating hydrophyte Ipomea aquatic (Nala ni Vel) on the southwestern corner of the sanctuary. Cynodon dactylon (Darba) shows salt tolerance capacity and at the same time these are nutritious and palatable species. Rooted floating weeds Nelumbo lutea (Kamal) was seen to cover the small portion of the water body. On the check post side of the pond the growth of grass on the sedge was seen that of Eragrostis sp. Thus the reeds and sedges provide resting, rooting or nesting habitat for many species apart from providing an excellent cover, too many birds which take shelter in such habitats. In the middle portion of the sanctuary area from northern side, which is less disturbed site had the presence of free floating Lemna (Kaye) sp. on the edge the Amarantheceae member herb Alternanthera sessilis.
On the small bets, there appear mostly abundant Ipomoea fistulosa and in others bets Acacia nilotica (Desi baval) tree. On the other side of the waterbody i.e. on south eastern side near the ONGC well no. 30, there along with Acacia nilotica, Parkinsonia accuminata was found. These trees are extensively used by egrets, black ibis, crows, doves etc. for roosting. They are also used for nesting by crows, doves etc.
It was observed that on the south eastern side near the ONGC well no. 30 there appears reed meadow sedge, a seral stage where due to siltation, sedges, grasses grow abundantly. These include Cyperus sp. which play an important role of air circulation in the lake, as they are hollow and possess aerenchymous tissues. They help in gaseous exchanges of carbon dioxide and oxygen, which are thus made available to the submerged species. Also there was growth of Polygonum sp. on the sedges in this area. Emergent Scirpus sp. was also found in this region on the sedges, it has advantage to inhibit soil erosion and provide habitat for other wildlife. The plant rhizomes have medicinal value. So in this area we find diversity of macrophytes indicating the quality of water in Thol wetlands.
Major part of the Thol wetland sanctuary area is covered with scrub area. In this area there was sparse distribution of Acacia nilotica tree and the mesquite Prosopis juliflora (Gando baval) most of which are of shrubby appearance, seldom attaining a height of more that 5 meters. The ground is covered with grass Cynodon dactylon (Darba) and few herb species. The Xanthium strumarium (Gadariyu) an abnoxius weed appears at places along the shore and on some bets, which is indicative of excessive grazing in the area. This can be confirmed by the field survey in the area. The scrub area had more growth of herbs like the Grangea maderaspatan (zinki mundi), Coldenia procumbens (basario okharad), and Glinus lotoides (mitho okharad).
Among the tree species growing on the boundary of the Sanctuary were Azadirachta indica (Limdo), Cordia myxa (Gunda) and Ailanthus excelsa (Maharukh), etc. Apart from this on the southern boundary of the sanctuary area the natural vegetation grows where phytosociological parameters were studied. Micro level vegetational studies carried out aided to bring out sharp differences in the vegetation of these areas.
Each of the species within the community has a large measure of its structural and functional individualism and has more or less different ecological amplitude and modality (Singh and Joshi, 1979) . This requires the understanding of the phytosociological status of each species within a community. Importance Value Index is a measure of plant status which brings out the overall role of a plant in a community (Ambasth, 1990) . The study of phyto-sociology along with floristic composition proves useful in comparison of species from season to season and year to year (Singh, 1976) . The study of vegetation its spatial distribution and analyses, and on field study indicates that the anthropogenic pressure had resulted in decrease in the undergrowth of the area. This would increases the possibility of the environmental stress i.e. soil erosion. This area shows the dominance of Acacia nilotica (Desi baval) with highest IVI of 187.5 and the dominance index. With the changing environmental conditions, the vegetation may reflect changes in structure, density and composition as observed by Gaur, (1982) . The high evenness index shows the even distribution of vegetation in the community. It could be found out from survey that there is decrease in the undergrowth since it gets subjected to more anthropogenic pressure.
Avifaunal diversity
Bird communities are often referred as an ideal indicator to monitor the ecological condition of any wetlands as they impact on all the trophic levels of an aquatic ecosystem. On the other hand aquatic ecosystems have significant impact on migratory birds. Birds carry out, diverse ranges of ecological functions among vertebrates. As consumers, they help regulate populations of smaller animals they prey upon, disperse plant seeds, and pollinate flowering plants. As prey items, birds and bird eggs are consumed by a variety of larger predators.
Birds also benefit humans by providing important ecosystem services such as regulating services by scavenging carcasses and waste, by controlling population of invertebrates and vertebrate pests, by pollinating and dispersing the seeds of plants; and supporting services by cycling nutrients (Croll et.al., 2005) and by contributing to soil formation (Post, 1998 ).
There are two birds which has been identified as flagship specis for Thol wetlands, being fresh water ecosystem, they are Sarus Crane (Grus antigone) and Osprey (Pandion haliaetus) since they represent the present ecosystem which is in need of conservation. They are distinctive in order to engender support and acknowledgement from the public.
 Sarus Crane (Grus antigone)
Sarus Crane is a large crane that is a resident breeding bird with disjunct populations that are found in parts of the Indian Subcontinent, Southeast Asia and Australia. Having height up to 1.8m, it is tallest of the flying birds; they are conspicuous and iconic species of open marshlands. As a species, the Sarus crane is classified as vulnerable this means that the global population has declined by about a third since 1980, and is expected to continue to do so until the late 2010. Estimates of the global population suggest that the population in 2000 was at best about 10% and at the worst just 2.5% of the numbers that existed in 1850 (BirdLife International, 2001) . Unlike many cranes which make long migrations, the Sarus Crane does not; they may however make short-distance dispersal movements in response to rain or dry weather conditions. They tend to be more gregarious in the non-breeding season.

Osprey (Pandion haliaetus)
Ospreys are sometimes known as the sea hawk, it is a large raptor, reaching 60 centimeters (24 in) in length with a 1.8 meter (6 ft) wingspan, is a resident-migratory species. They are widespread during winters in Indian Union, Bangladesh; Pakistan; Sri Lanka; Myanmar. Ospreys are diurnal, fish eating hawk, they flies up and down over the water scanning the surface for any fish coming up within striking depth.
Thol waterbody and surrounding area is most suitable habitat for Sarus, it can be appreciated from records that large number of Sarus congregations were seen. It has presence of over 50 birds feeding in the farmlands neighboring Thol, as late as 1998; the Sarus has remained the integral part of the avifauna of this territory (Singh & Tatu, 2000) .
This shows that type of habitat is very important for wetland dependent species. Different species have different set of adaptations due to which they require certain types of habitats only. In case there is habitat loss in breeding areas it may directly result in loss of birds. Also the habitat is species specific and birds differ according to the habitat availability. Thus, the foremost requirement is identification of habitats in relation to various species of waterfowl. The earlier study reveals that Nal Sarovar Bird Sanctuary which is just 50 km away, have high vegetation and faunal diversity compared to TBS (Patel, et al. 2006) due to different physical and hydrological configuration of largest natural fresh water reservoir. TBS and Nal Sarovar Bird Sanctuary are the valuable wetlands for migratory bird species. Moreover it can be also said that the Thol lake is more favored by the wetland obligatory birds. Since the study reveals that comparatively Nal Sarovar sanctuary had high disturbance score which indicates less healthy wetland for bird integrity than that of the TBS (Patel and Dharaiya, 2008) . It was observed that towards the southwest direction of TBS is Nal Sarovar Bird Sanctuary, which is known to be one of the richest food crop (mainly paddy) growing areas, so there is continuous movement of birds between TBS and agricultural areas. This makes the birds visiting nearby village tanks and water bodies, which needs to be surveyed.
Thol has privilege of sustaining nine near threatened and vulnerable species. As reported by Chase et.al. (2000) , presence of individual species may serve as indicator of the overall species composition of birds, but it may say less about the species richness, so the focus should be given to a diverse suite of the range of species representative for conservation purpose. The efforts should go in the line to conserve the threatened and lower risk species so that the population should not come down and they become extinct in near future. As per the red data guidelines they should be conserved when their populations are still healthy, before they become genetically impoverished and their populations gets fragmented. Out of nine vulnerable and near threatened species six are resident migratory species, and rests are resident species. Two species like eastern imperial eagle and greater spotted eagle are terrestrial birds and they are birds of prey.
Correlation between bird diversity & macrophytes
The enlisting of the bird diversity and availability of macrophytes in the region was subjected to statistical correlation which shows that there is positive correlation with 86 per cent of variance is related. 156 (2008) . Ruffs are sporting birds they take larger quantities of weed seeds (Ali, 2002) . Due to regulated supply of water for irrigation and developmental activities there is decrease in the agricultural fields and the availability of food for the species so there is negative change in the Ruff population. This year, Ruff species are not even noted, since as per the regulations due to construction work going on, the water supply was restricted causing the negligible population availability. This information was obtained from the forest officials of Thol wetlands.
Avifaunal population trend in thol bird sanctuary
Thus from the above discussion it can be concluded that due to adopted management practices there was overall increase in bird population of 1,281 (2000) to 25,165 (2008) . But, definitely there was an overall change in the habitat causing the birds population to change accordingly. If we correlate the population of birds with the rainfall of the region it also had the increasing trend from 232 mm in 2000 to 786 mm in 2008 (Table 7) . Rainfall in the year 2006 was slightly more as compared with 2008, but there was decrease in total bird population. This is probably due to favorable conditions prevailing in other wetlands also of the State during that period.
Looking at the avifaunal diversity it can be concluded that the Thol is the valuable wetlands for migratory bird species and it is more favored by the wetland obligatory birds because at Thol there is less human disturbance. Table 7 . Decadal Change In Rainfall Data of Thol.
Conclusion
TBS is important wetland of the western region as variety of migratory birds visit this wetland during winters. The study had identified the potential of TBS as an internationally important wetland due to species richness and home for nine near threatened and vulnerable species including endangered Sarus Crane, having pre-breeding congregations and nesting grounds.
It has been observed that though TBS is facing less human disturbance in comparison to Nal Sarovar Bird Sanctuary, there are certain threats if not controlled may increase. The foremost being the location of ONGC oil well within the sanctuary boundary and catchment area. It should be monitored regularly to check for oil spills or leaks as oil spills could be a threat for birds. Also the major portion of the sanctuary area is covered by agricultural region which is given to local people for cultivation at a meager rate. This activity causes disturbance to the birds. The withdrawal of water for irrigation which is through supply canals in command area and lift irrigation causes pressure to the wetland ecosystem.
Another major pressure on the Thol Bird Sanctuary is due to livestock population. Livestock of five peripheral villages as well as those belonging to the pastoral people from Kachchh and Saurashtra visit this area for grazing in scrub lands and for drinking water. The grazing pressure was confirmed by the field visit and the type of species growing in the region. The livestock includes goats, sheep, cows, buffaloes and camel which causes disturbance to birds. The forest department should manage TBS taking into consideration the mentioned threats.
Thus the present study has shown the importance of carrying out such a study on regular basis so as to monitor the changes of dynamic ecosystem due to concomitant changes in water regime at TBS. The study had a limited scope owing to its short span and was conceived only to document bird diversity. It is being suggested to carry out movement and dispersal pattern of migratory waterfowl. This can be extended to the neighboring villages' tank and water bodies which would enhance our knowledge about these winged visitors. 
